The 'circular economy' concept gains traction: As a term the general public is familiar with, becoming a field of academic research, and a must for business models. Despite the obvious success and wide interest for adoption and implementation of a circular economy at scale, I argue that this will not be feasible if a series of major systemic failures are not addressed. Here I attempt to outline some of these fundamental challenges (failures and disruptions) that impede transformative societal change towards a more 'circular' use of material resources. While there is academic research in these areas, such thinking is not necessarily mainstream in the current circular economy debate. Hopefully these ideas could form part of a less naïve analysis and contemplation on the possibility to turn circular economy from just an appealing concept to a real cultural shift.
Materials innovation mode
Any additional wave of innovation without radical change of the key motivation behind it (affordability, new functionality), cannot deliver circularity. Innovation is underpinned by societal needs. Arguably, pure human curiosity and ingenuity of individuals is responsible for major breakouts. However, the current wave of innovation and invention is driven by just delivering affordability and new functionality. Clearly eco-design considerations have massively failed to sufficiently incorporate after-first-use functionality. For example, this is the case with the current wave of innovation in alternative feedstocks for plastic materials: biobased polymers. While they may help the transition towards biomass, namely solar energy driven systems, it does not mean that the new materials are in any way more 'circular' or overall sustainable. The problems with recycling of polylactic acid, the most abundantly produced bio-polymer vividly illustrates the case. The previous innovation wave for fossil-based polymers that started some 100 years ago, resulted in over 5000 different grades of plastics materials (polymers plus additives) -a triumph of differentiation to cover expanding needs and uses. Now, such a variability (see below) is undermining the possibility of circular pathways.
'Value' meaning, loss, alignment and pricing
Without defining what constitutes 'value' associated with materials, components and products (MCPs), how to measure it, and how to translate it into monetary equivalent (price), the circular economy cannot be sufficiently conceived -set aside implemented. The definition of a 'circular economy' and any other big idea with great appeal, is inevitably loose -think 'sustainability'. A popular empirical definition put forward by the Ellen MacArthur Foundation advocates keeping the value of after-use MCPs at their highest level possible at all times. It is impossible to operationalise this approach without defining and measuring such a 'value'.
Given how the economics of waste and resource recovery currently work, it is meaningless to expect the monetary value (price) to fully reflect such a wider 'value'. Rightly so, in the current status quo, the greatest loss of monetary value occurs at the point of initial discard, at classification as 'waste' by the owner. There is a considerable cost downstream of that point, associated with restoring the now 'hidden', embodied or embedded value in the MCPs: task undertaken by the waste, resources and reprocessing sector, and largely in isolation from the wider circular value chain.
Let me give you an example: Take the material properties of food packaging (contact) plastics. Implementing eco-efficiency, the water polyethylene terephthalate (PET) plastic bottle became lighter and lighter, saving primary resources. At the same time, however, being less dense, it became more expensive to collect and transport per tonne and most importantly less lucrative when collected by the waste pickers and more inherently prone to end up in waterbodies if littered/dumped, as it rolls more easily. The cap of the bottle is typically a different polymer to PET, as it needs friction; and friction is higher between different materials. This choice contaminates the PET recycling, reducing its value as recycled material. And so on.
Inevitable value loss, for example during the use phase, and the need for additional resources to restore functionality needs be openly acknowledged and (accurately?) quantified. The CVORR (complex value optimisation for resource recovery) (MillwardHopkins et al., 2018) approach attempts for the very first time to concurrently navigate the technical, environmental, health and wider socioeconomic aspects of 'value' and provide a quantification framework and method.
Poor linkages, and incentives misalignment in circularity ecosystem
The fundamental challenge remains the misalignment of incentives and the disparity of information among the various sectors/ stages of a circular supply chain (ecosystem). The product bottle
No circular economy if current systemic failures are not addressed
Editorial retailer gains from the differentiated designs of packaging. The waste and reprocessing sectors suffer. The sorting plants have to sort to remove item contaminants (contraries) and the reprocessing plants to further chemically decontaminate without having any detailed understanding of the exact chemical composition of the MCPs they are asked to handle. No doubt, the recycled plastics characterisation laboratories of specialised plastics reprocessing plants remain a manual, esoteric, highly empirical process. Until the incentives and profitability of all the different stages is sufficiently aligned or the adversities compensated for, we cannot hope for major changes in the level of circularity.
Informal sector recycling and development mode
We cannot hope for a genuine circular economy if we do not sort out the waste management challenges in the Global South. Now, these are persistent as detailed in the United Nations Environment/ International Solid Waste Association Global Waste Management Outlook and the Regional Outlooks updates, which now are gradually released: The African one, explains that only a very limited percentage of the used resources is recycled in Africa, despite the extensive resource-efficient ethos driven by local scarcity and unaffordability of resources. The fundamental challenge is first openly acknowledging the informal recycling realities on the ground as an opportunity for circular economy (Velis, 2017) , but also a stubborn challenge.
For example, Brazil has been leading worldwide inclusion/ formalisation efforts with systematic support for over 10 years, but still only around one in ten of the waste pickers is formalised in the loose format of cooperatives/associations. Despite all efforts, still most of the picking worldwide occurs in dumpsites, involves children, and is associated with social stigma and ruined health. On a more general note, these are development issues. Corruption and poor governance are keeping down entire societies. Circular economy, no matter what format it takes, will also be negatively affected by these key drawbacks; unless circular economy is at the core of a much wider societal change. But, currently even the theoretical debate for what a 'circular economy' could mean for the Global South is at its infancy -set aside becoming part of a theory/ideology for change.
Least environmental protection pathway
In globalised production and consumption systems, supply chains (ecosystems) of after-use resources are also often globalised (Velis, 2015) . Multiple cases prove the hypothesis that on average the least valuable after-use resources (e.g. hazardous waste) find their way to the places with lowest environmental and health protection standards on the ground. Think, waste electrical and electronic equipment, shipbreaking and even low-quality plastics, until the recent China unrest. Despite the fact that resources are recovered, such a modality cannot be part of a circular economy as it results in a huge overall detriment rather than long-term societal benefit. So, we will either give the 'waste' positive value and tighten our borders to illegal exports, or considerable continuous leakage can be safely anticipated for that part of the after-use materials that do not find their place in the core of a circular economy.
Variability and uncertainty
The multiplicity of plastic grades fundamentally undermines their recyclability. More widely, addressing uncertainty in its various formats does not seem to feature strong in the current circular economy narratives. However, heterogeneity, multiplicity, and contamination (matter out of place) are at the core of the concept of 'waste'. Hence, we will not be able to overcome the waste concept in a circularity narrative if we are not addressing one of its constituting pillars (Esbensen and Velis, 2016) . The debate has started in the format of simplifying plastics and phasing out certain categories from certain uses (e.g. polyvinyl chloride, polystyrene from packaging). But, the discussion remains relatively shallow, without addressing the underlying reasons that relate to the materials invocation mode, and the multiplicity as an enabler for democratic governance structures (e.g. not just one collection system in the entire UK) and optimisation. Variability also undermines economies of scale or results in levels of complexity that are resolvable only by radical sweeping ways, as for example the energy from waste combustion has achieved, delivering rapid and effective disposal in replacing dumpsite and then landfills.
Insufficient decontamination of material flows
This systemic failure relates to another core aspect of what makes waste 'waste': Its potential hazardousness. Circular economy tries to remove the waste notion 'stigma': You may have noticed that I increasingly, where feasible, I use the term 'after-use' rather than 'end-of-life' or 'waste'. As flows become more circular, it also becomes imperative to increase the efforts for decontamination during the 'value regeneration' stages, to minimise increased spread of (cross-)contaminants. These may come from the product use phase or are legacy substances, such as potentially toxic substances -for example, certain polybrominated flame retardants in older electronic equipment and sofas. Failure to do so, would bring increased dispersion of contaminants, which is against the fundamental sustainability of resources use. Explicit and well documented decontamination efforts can also contribute to addressing a major barrier in recycled material uptake: the negative consumer perception about increased use of recycled content in MCPs, for example food contact applications.
Industry 4.0
The 4th Industrial revolution, including disruptive innovation in artificial intelligence, automation, robotics, 3D manufacturing, autonomous driving, drones, and handling of big data is about to transform the way we manufacture and consume. One could hope that any wave of innovation towards a more circular economy would automatically benefit from the relevant advances in Industry 4.0: Indeed there are numerous such examples: the robotic disassembly of iPhone, a new generation of robotic sorters (item picking) and autonomous vehicles for waste collection. But, other innovations, such as 3D printing, if handled carelessly may result in even more complex materials and items/structures and even make disassembly more difficult. Again, we need to open up dialogue between these two major waves of innovation and explore how Industry 4.0 can become an accelerator for circular economy, rather than a hindrance.
No major economic theory behind 'circular economy'
Finally, while 'circular economy' contains the term 'economy', strangely enough, it is not necessarily a theory about economics -macro or micro -but mainly a theory for how to manage material flows. The concept enjoys little traction and understanding among the current theoretical economists, both orthodox and heterodox. This one may sound a bit academic -but, it is not as such. We need to ensure that the actual and perceived societal benefits of a new circular model are established in a more fundamental and sound manner than just traditional cost-benefit analysis, which is an insufficient tool to describe transformation at a systems level. Maybe heterodox economics looking at how to analyse a system of systems (e.g. systems of provision) or the environmental economics explicitly considering internalisation of the 'externalities', are a sounder basis to discuss how a circular economy could perform as a whole and for the future economies of our World.
Need for more and in-depth debate
Extensive transition to a 'circular economy' can only be underpinned by major societal change. Let us widen the debate on what that means and how we could get there. I have just scratched upon a few concepts here that, to my mind, constitute key systemic failures impeding circularity in our existing systems or prevent us from developing fast towards a more circular model. Some of these aspects have been covered in previous Waste Management & Research editorials. Over the next months we will be returning to these for more in-depth analyses, so keep an eye.
